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1. Introduction. -The spine1 MgA120, forms with Al,03 a large range of solid solutions (A120,),Mg0 with n varing from 1 to 5. The excess of alumina results in cation vacancies predominantly on the aluminium (octahedral) sites. The influence of these vacancies is important since slip planes and mechanical properties are known to vary with the stoichiometry n (ratio A1203/MgO) [l, 21. Single crystal creep properties have been investigated for two stoichiometries n = 1.1 and n = 1.8. In the first case the influence of stoichiometry can be evaluated, being known that a unique solid solution is thermodynamically stable at temperatures above 1 000 OC. With the stoichiometry n = 1.8, the influence on creep of thermodynamical metastability can be studied in addition, since above 1 520 OC one solid solution phase (A1203),.,Mg0 is stable while below, two phases should occur, the solid solution A120,Mg and an exsoluted alumina phase. In an earlier work [3] , [001] compression creep has been studied for n = 1.8 below 1 520 OC. { 110 ) slip only is active, building up a well defined cellular substructure in two dimensions (in two { 110 ) slip systems) ; the creep law is consistent with a climb controlled dislocation slip. Note that no exsolution of alumina has been evidenced by transmission electron microscopy (T. E. M.) in this work. This paper presents single crystal creep results for n = 1.8 above 1 520 OC and some preliminary observations for the nearly stoichiometric crystal MgO(A12O3)1 . l Mechanical tests are supplemented to substructure observations, either by X-ray topography (BergBarrett technique, B. B. T.) at the sample scale, or by T. E. M. at a smaller scale. While activation energies are not so much different, a drastic change is observed in the creep substructure of both cases.
2. Experimental techniques. -Single Crystals boules of (AlZO3),MgO have been obtained from Cristal Tec/LETI (Grenoble). They are Verneuil grown with two stoichiometries : n = 1.1 and n = 1.8. They content only a few p. p. m. of impurities principaly CaZ + and Fe3 +.
Creep samples are cut with a diamond saw into 2.5 X 2.5 X 6 mm3. The compression axis is [OOl] .
The specimens are tested in air inside a furnace with a graphite heating element.
After creep tests, creep substructure is observed by B. B. T. or T. E. M. Thin foils are prepared by ionic thinning (for more details and the understanding of the contrasts of B. B. T. see reference [3] sient of some hours, a steady state creep is reached which exhibits a behaviour apparently similar to the one observed at lower temperatures (1 300-1 450 OC, see ref. [3] ).
Conventional tests give n = 4.5 f 0.5. Temperature jumps (from 1 550 O C to 1 600 OC) give an approximate value U E 6 eV (compared with U 2: 5.2 eV below 1 520 OC).
3.1.2 Creep substructures. -In contrast to the similarity observed in the creep laws, a drastic change occurs in dislocation substructures when the temperature crosses over the boundary of the phase diagram. Cellular substructures of the lower temperature type are no more formed in the higher temperature range. a) B. B. T. observations. -All B:rg-Barrett topographies have been taken either polishing off the sample surfaces, or after cutting inside the sample itself. Therefore the observed dislocation substructures are representative of the bulk.
These topographies show that the substructure formed above 1 520 O C consists of rough dislocation sheets in ( 110 ) planes parallel to the compression axis. The related lattice rotation axis has a mixed character, i. e. has a component both in the sheet planes (tilt) and along the sheet normal (twist). These rotations are alternate throughout the crystal. Figure 2u shows the (440) reflecting planes corrugated around the compression axis along the specimen side faces (black and white orientation contrast stripes). (1 10) dislocation sheets are clearly imaged here either by displacement or extinction contrasts (or both). Figure 3 shows a topography of the same face, but with a different diffraction vector, g = [115], chosen to evidence the lattice rotation components normal to the sheet planes (seen horizontally in Fig. 3) . The large misorient ations found through the whole specimen prevent us to complete the determination of the rotation axis. (4') . This feature affords the Kcc, and Ka, images to be separated, since their Bragg angle difference, A8 = S' , is larger. This is consistent with an alternate corrugation of about 20' around the compression axis. Note that generally, the sheet contrasts are faint (Fig. 2b ) which means that they are probably very crudely formed.
The spacing between these sheets decreases with the applied stress. Figure 5 shows an approximate inverse relationship holds, d E 20 pblo. This is roughly in agreement with the relation observed in the lower temperature range (shown in figure 5 as a dotted line).
At higher deformations ( E E 0.2) other kind of sheets are added in (001) planes, i. e. perpendicular to the compression axis ( Fig. 6 ; see also horizontal cusps on stripes in Fig. 2a) . b) T. E. M. ob~eruations. -A relatively small and uniform dislocation density is found (p E 107 cm-') as compared with lower temperatures. More interesting is the large number of attractive junctions. A careful examination of the involved slip planes is currently in progress. Figure 7 shows a typical view of these junctions.
In addition, and much more scarcely, a few subgrain boundaries are found and only in samples after 0.3 strain (Fig. 8) . At the small scale of T. E. M., they appear well confined in one plane (although being not regularly formed within it) oriented at f 200 from a 110 plane. Their identification with the ones observed by B. B. T. appears to be difficult for the time being, owing to the large difference of scale of these two techniques. 3.2 SP~NEL MgO(A120,),.,. -Only some specimens of this stoichiometry have been crept at 1 580 OC, 1 670 OC, and 1 740 OC, and we report below these preliminary results.
3.2.1 Creep curves. - Figure l shows the curve obtained at 1 6700C under an applied stress of 9 kg/mm2.
This curve shows first a nearly complete lack of transient creep. Secondly, the very low creep rate which is obtained has to be emphasized : for exemple, for having the same creep rate under the same applied stress, for the stoichiometry n = 1.8, a temperature as low as 1 400 O C has to be reached. Temperature jumps (f 20 OC) yield an average value of the activation energy of about 6 eV (+ I eV), very close of the value measured at high temperatures for n = 1. An exemple of these sheets is viewed by extinction (or displacement ?) contrast figure 9, after only 0.3 percent strain at 1 580 OC. Another exemple, slightly contrasted, is given figure 10, after 0.08 strain at 1 670 O C ; an orientation contrast is associated with the sheets, giving lattice rotation components around 001, and 010. After 0.17 creep strain at 1 740 OC, the same sheet formation is found, but the misorientation around 010 axis prevails, being as large as 40 between the center and the ends of the sample. After creep, all specimens present an unusual concave shape (inverted barrel) with the ends more widened than the center. Moreover, a clear indication of a parasite (1 10) slip is apparent from the corresponding cellular substructure localised only at the corners of the sample (see Fig. 10 ). The stoichiometry analysis obtained with a microprobe gives nearly no variation across the specimen (n = 1 .l -+_ 0.1), which shows that this observation cannot be ascribed to a possible diffusion of alumina from the alumina buttons used to prevent identations. We think rather more plausible to relate it to stress concentrations (triaxial stresses) at the corners.
Whatever it may be, it demonstrates that (1 10) slip is unfavoured for this stoichiometry, except under very special stress conditions. b) T. E. M. observations. -Only the sample crept to 0.08 strain at 1 670 O C has been examined. No subgrain boundaries is apparent. On the other hand, numerous attractive junctions are found, uniformly distributed throughout the thin foil ( Fig. 1 l) , connected with a generally low dislocation density. At least a certain number of junctions have been shown to involve (111) slip for one of the reacting dislocations, and sometimes for both of them. This important observation, if supported by further examinations, would be in favour of prevailing (1 11) slip systems. phase in the phase diagram, as compared with creep of the metastable solid solution at temperatures lower than 1 520 O C for stoichiometry n = 1.8. In this later case, a very fine scaled micro-exsolution (not visible by T. E. M.) of alumina is plausible, i. e. on the form of the expulsion of Mg2+ ions from small clusters, and their replacement by a corresponding number of A13 + tetrahedral ions for electrical neutrality, some cation vacancies, probably octahedral, being created in the process. Although the creep law does not vary very much as temperature crosses over the phase diagram boundary (for n = 1.8), the creep mechanisms as featured by the dislocation substructure varies drastically. Because the diffusion processes are not expected to change that much when heating up to a few tens degrees (nevertheless creep energies are slightly increased : from 5.3 eV to 6 eV), thechanges observed for n = 1.8 should be ascribed to the one re-mixing of AI3+ and Mg2+ ions.
Surprisingly enough, a number of similarities are found in the creep substructures observed for n = 1.1 and for n = 1.8 at higher temperatures : -a relatively low mobile dislocation density ; -the appearance of numerous attractive junctions, consistent with multiple slip conditions ; -the same kind of (001) dislocation sheets, formed perpendicularly to the compression axis.
Although some differences do exist (( 110 ) sheets form only in the case n = 1.8, and the creep rate is markedly lower in the case n = 1.1 owing to a preexponential factor at least ten to fifty times lower), this likeness supports some similarity in the active slip systems. On the other hand, some evidence for a (1 11) slip is expected and has been evidenced in the case n = 1.1, as it has been shown above.
Therefore the question of a possible change in slip plane from (1 10) to (1 11) rises in the case n = 1.8, when the temperature crosses over the phase diagram boundary. Further experimental evidences are of Fw. 11. -T. E. M. a) (111) foil : low dislocation density with course still needed in order to solve this point. many junctions ; b) same foil : weak beam image af a typical Other points deserve also attention as for exemple junctions ; the fault ribbons are well visible. Analysis of Burgers the exact shape of creep curves E(t) for = 1.1, and the vectors and dislocation directions gives the corresponding glide planes { 11 1 ) and { 110 }.
role of freshlaged dislocations. For n = 1.8, the creep law resembles the one usually obtained for a climb controlled glide of dislocations, with a climb energy of 4. Discussion. -Significant changes in the creep the order of the one needed for matter transport by behaviour have been found as soon as creep is per-volume diffusion, as it is measured in sintering of formed in the stability range of the one solid solution MgA1,0, powder by Bratton [4] .
